



















poorly	understood.	We	 describe	 oxylipins	 as	 direct	 biocidal	 agents	 and	 propose	 that	 structure–function	 relationships	 play	 here	 a	 pivotal	 role.	 Based	 on	 their	 chemical	 configuration,	 POs,	 such	 as	 reactive	 oxygen	 and
electrophile	 species,	 activate	defence-related	gene	expression.	We	also	propose	 that	 their	 ability	 to	 interact	with	pathogen	membranes	 is	 important,	 but	 still	misunderstood,	 and	 that	 they	are	 involved	 in	 cross-kingdom
communication.	Taken	as	a	whole,	the	current	literature	suggests	that	POs	have	a	high	potential	as	biocontrol	agents.	However,	the	mechanisms	underlying	these	multifaceted	compounds	remain	largely	unknown.









Like	 animals,	 plants	 have	 developed	 a	 sophisticated	 ‘immune	 system’,	 called	 innate	 immunity	 [43].	 The	 starting	 phase	 is	 the	 pathogen-associated	molecular	 pattern	 (PAMP)-triggered	 immunity	 (PTI)	 that	 acts	 as	 a	 basal

















POs	have	focused	on	the	 in	vitro	effects	of	POs	against	biotrophic,	necrotrophic,	or	hemibiotrophic	pathogens.	Oxylipins	derived	from	the	9-LOX	and	α-DOX	pathways	exhibit	strong	action	against	bacterial	 infections	 [67].	9-Keto-
10(E),12(Z),15(Z)-octadecatrienoic	acid	(9-KOT),	a	9-LOX	major	product	from	linoleic	acid	(LA),	is	highly	active	against	P.	syringae	pv.	tomato	(Pst)	DC3000	[38].	Accordingly,	the	in	vitro	activity	of	∼50	POs	against	13	agronomically
relevant	pathogens	(bacteria,	fungi,	and	oomycetes)	have	been	examined,	as	well	as	their	stability	[35,68].	As	shown	in	Table	1,	all	pathogen	growth	was	inhibited	by	one	or	more	oxylipins.	The	oxylipins	were	even	more	effective	on





Pc Ps Xc Ab Bc Ch Fo Lm Rsp Ss Vl Pi Pp
ω-5(Z)-Etherolenic	acid − ++++ − +++ − + − ++ − − − + −
(±)-cis-12,13-Epoxy-9(Z)-
octadecenoic	acid
− − − ++ − +++ − − + ++ − − +++
(±)-cis-9,10-Epoxy-12(Z)-
octadecenoic	acid
− ++ − − − +++ − ++ + − − − ++
(±)-threo-12,13-Dihydroxy-9(Z)-
octadecenoic	acid
− − − ++ − +++ − +++ − + − − −
(±)-threo-9,10-Dihydroxy-12(Z)-
octadecenoic	acid
− − + ++ − − − − − + − − −
10(S),11(S)-Epoxy-9(S)-hydroxy-
12(Z),15(Z)-octadecadienoate
− − − x − − − x − x x − −
11(S),12(S)-Epoxy-13(S)-hydroxy-
9(Z),15(Z)-octadecadienoate




− − − ++ ++++ ++++ + ++ − − − − ++++
13(S)-Hydroperoxy-9(Z),11(E)-
octadecadienoic	acid	(13-HPOD)
− + − − − ++++ − − − − − − ++++
13(S)-Hydroxy-9(Z),11(E),15(Z)-
octadecatrienoic	acid	(13-HOT)
− − − + ++++ ++++ − +++ − − − − ++++
13(S)-Hydroxy-9(Z),11(E)-
octadecadienoic	acid	(13-HOD)
− + − − + ++++ + − − − − + ++++
13-Keto-9(Z),11(E)-
octadecadienoic	acid	(13-KOD)
− − − − − − − x − x x − +
13-Keto-9(Z),11(E),15(Z)-
octadecatrienoic	acid	(13-KOT)




− − − − +++ ++++ − − − − − − ++++
9(S)-Hydroperoxy-10(E),12(Z)-
octadecadienoic	acid	(9-HPOD)
− + − − ++ ++++ − x − x x − ++++
9(S)-Hydroxy-10(E),12(Z),15(Z)-
octadecatrienoic	acid	(9-HOT)
− − − − ++ +++ ++ x + x x − ++++
9(S)-Hydroxy-10(E),12(Z)-
octadecadienoic	acid	(9-HOD)
− − − − − ++++ + x − x x − ++++
9-Keto-10(E),12(Z)-
octadecadienoic	acid	(9-KOD)
− ++ +++ − − +++ − x − x x − +++
9-Keto-10(E),12(Z),15(Z)-
octadecatrienoic	acid	(9-KOT)
− + − − − ++++ − x − x x − ++++
Colneleic	acid − ++++ − − − ++++ + x − x x − −
Colnelenic	acid − ++ − − + ++++ − x − x x + +
Anacardic	acid − − ++++ − − − + x − x x +++ −
12-Oxo-10,15(Z)-phytodienoic	acid
(OPDA)
– + – + +++ ++++ + x + x x + ++++
2(E)-Nonenal − ++ − − − − − x − x x + −
3(Z)-Nonenal − ++ − − − − + x ++ x x − −
2(E)-Hexenal x ++++ ++++ ++++ ++++ ++++ ++++ x ++++ x x ++++ ++++









and/or	direct	biocides.	Since	only	50	POs	have	been	 tested	 in	vitro,	 the	 ability	 of	 the	 others	 as	direct	 biocides	 or	 elicitors	 can	be	questioned.	Concomitantly,	 the	molecular	mechanisms	of	 this	 biocidal	 effect	must	be	 elucidated.















The	PO	family	 is	versatile	 in	terms	of	chemical	structure,	with	many	geometric	 isomers.	Regioisomers	of	the	same	oxylipin	structure	can	have	different	biological	effects	 [35].	Modifications	 in	 the	hydroxy	or	epoxy	groups
change	drastically	the	biological	activity	of	the	corresponding	oxylipins.	Even	HPOD	and	HPOT,	which	differ	structurally	by	only	a	simple	double	bond,	exhibit	different	antimicrobial	efficacies.	Conversely,	the	difference	between	9-	and
13-forms	was	unclear	for	 the	 inhibition	of	pathogen	growth,	whereas	 linolenic	acid	 (LnA)	products	 seem	more	effective	 than	LA	products	 [68].	 In	addition,	epimerisation	 is	a	 simple	mechanism	 that	 regulates	hormone	activity	by
converting	bioactive	(+)-7-iso-jasmonoyl-L-isoleucine	into	the	inactive	form,	JA-Ile	[30].
Further	investigations	are	needed	to	determine	whether	all	isomers	exhibit	growth-inhibitory	activity	against	various	pathogens,	ultimately	to	elucidate	potential	structure–activity	relationships,	and	to	determine	how	much


























stress	signalling	mediators.	Eicosanoids	are	 frequently	cited	 for	 their	multiple	biological	roles	 (i.e.,	 in	regulating	wound	responses,	 inflammation,	and	cancer	and	 immune	responses)	and	are	 involved	 in	many	enzymatic	pathways
(Figure	1).
Interplay	between	eicosanoids	is	well	known,	although	incompletely	understood	[92].	For	example,	transcellular	 leukotriene	(LT)	biosynthesis	 is	frequently	observed	and	changes	in	 levels	of	eicosanoids	regulate	each	other
[17,20,87,93].	In	mammals,	eicosanoids	are	recognised	by	various	G	protein-coupled	receptors	(GPCRs)	at	the	cell	membrane	[94].	LA-derived	oxylipins,	including	9(S)-	and	13(S)-HOD,	are	also	produced	by	mammalian	cells	and	the
human	GPCR	G2A	functions	as	their	specific	receptor	[17,95–97].	This	suggests	a	possible	involvement	of	GPCRs	in	HPO	recognition	in	plant	cells.
Based	on	 their	biosynthesis	pathways,	 jasmonates	exhibit	many	 similarities	 to	eicosanoids,	particularly	LTs.	Their	 functional	 similarities	and	capacity	 for	being	 synthesised	and	 released	 for	 immediate,	 local,	 and	 systemic









volatiles,	 regulate	 fungal	growth,	 spore	development,	and	mycotoxin	production	 in	Aspergillus	 sp.	grown	on	diverse	plant	species	 [84,101,102].	This	 supports	 the	hypothesis	 that	FOs	and	POs	could	be	 involved	 in	quorum	sensing.
Because	precocious	sexual	inducer	(psi)	factors	are	similar	to	POs,	especially	9(S)-	and	13(S)-HPOD,	they	may	affect	physiological	processes	in	fungi	by	mimicking	the	action	of	FOs	[37,84,101],	thus	facilitating	the	reciprocal	cross-























raises	the	 idea	that	oxylipins	might	sometimes	be	 incorporated	 into	membrane	bilayers,	 thereby	progressively	 increasing	membrane	disorder,	modifying	their	 function	and,	 thus,	affecting	microorganism–plant	crosstalk.	Given	the
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Glossary
Amphiphilic:	adjective	given	to	molecules	containing	a	nonpolar	hydrophobic	region	and	a	polar	hydrophilic	region	assembling	automatically	in	aqueous	solution	to	form	distinct	structures	such	as	micelles,	vesicles,	and	tubules.
Biomimetic	membranes:	model	membranes	in	which	the	lipid	composition	is	representative	of	the	main	lipids	found	in	natural	biological	membranes	and	the	lipid	organisation	best	mimics	the	natural	lipid	arrangement.	These	systems
are	helpful	in	dissecting	the	molecular	mechanisms	acting	at	the	level	of	the	biological	membranes.	Three	systems	are	widely	used	in	biophysics;	namely,	lipid	monolayers,	supported	lipid	bilayers,	and	liposomes.
Crosstalk:	a	term	used	when	a	common	cellular	component	is	engaged	in	more	than	one	signal	transduction	chain	and	allows	information	exchange	between	different	signalling	pathways.
Elicitors:	natural	or	synthetic	compounds	that	are	exogenously	applied	and	induce	defence	responses	in	plants	similar	to	those	induced	by	pathogen	infections.
Flowering	plants:	also	known	as	angiosperms	or	magnoliophytes.	They	are	a	division	of	vascular	plants	that	produce	seeds	(spermatophytes).	These	plants,	which	bear	flowers	then	fruits,	are	commonly	called	flowering	plants.	They
include	dicotyledons	and	monocotyledons.
G	protein-coupled	receptors	(GPCRs):	cell	type-specific	transmembrane	proteic	receptors	detecting	external	signals	and	transmitting	them	into	the	cell	to	induce	various	responses.
Induced	systemic	resistance	(ISR):	strengthening	of	the	defence	capacity	of	the	entire	plant	against	a	broad	spectrum	of	pathogens;	acquired	during	local	induction	by	beneficial	microbes.
Jasmonates:	oxylipin	family	comprising	JA	and	its	derivatives,	which	are	lipid-based	plant	hormones	that	regulate	plant	defence	mechanisms	and	a	wide	range	of	processes	in	plants	(growth,	photosynthesis,	reproduction,	etc.).
Oxylipin:	large	class	of	lipid	metabolites	derived	from	the	oxidation	of	PUFAs.
Quorum	sensing:	cell-to-cell	communication	process	that	permits	microorganisms	to	share	information	about	cell	density	and	adjust	gene	expression	accordingly.	This	communication	is	provided	by	the	production	(depending	on	cell
density)	and	release	of	chemical	signal	molecules.
Systemic	acquired	resistance	(SAR):	strengthening	of	the	defence	capacity	of	the	entire	plant	against	a	broad	spectrum	of	pathogens;	acquired	after	a	primary	local	pathogen	infection.
Keywords:	oxylipins;	lipoxygenase	pathway;	plant–pathogen	interactions;	membrane	interactions;	interkingdom	communication
Highlights
Many	studies	have	shown	that	specific	oxylipin	signatures	are	shaped	during	(a)biotic	stresses.
It	is	generally	accepted	that	divinyl-,	keto-,	and	hydroxy-fatty	acids	and	fatty	acid	hydroperoxides	exhibit	strong	direct	antimicrobial	activities,	whereas	the	roles	of	jasmonic	acid	and	some	volatile	aldehydes	seem	to	be
related	to	signalling	activities	only.
Oxylipins’	chemical	structures	are	related	to	their	biological	activities.
Current	studies	show	that	the	lipid	composition	of	the	plasma	membrane	has	important	roles	in	the	interaction	of	plant	oxylipins	with	plant	cells.
It	is	becoming	clear	that	many	organisms	use	the	oxylipin	pathways	as	a	common	process	for	interkingdom	communication
